The first one pot protocol for the diastereoselective synthesis of oxazolo[2,3-c]isoquinoline was achieved by a metal-free, benzoic acid catalyzed reaction of 1,2,3,4-tetrahydroisoquinoline or trypoline with aldehydes under mild conditions via C-H, C-O bond functionalization. A new approach for the synthesis of highly substituted 1H-pyrrolo[2,1-c][1,4]oxazine was carried out.
Functionalization of C-H bonds into C-C and/or C-O bonds is
an important area of organic synthesis for the construction of biologically active complex molecules. 1 [3 + 2]-Cycloadditions of azomethine ylides are the powerful tools to construct heterocyclic compounds from relatively simple precursors. 2 Many methods are available to generate nonstabilized azomethine ylides in situ, these dipolar species are most frequently prepared via decarboxylative condensation of aldehydes with amino acids such as proline and sarcosine. 3 Examples of azomethine ylide formation from simple, unfunctionalized cyclic amines and their subsequent dipolar cycloadditions remain rare as they require relatively high reaction temperatures even for the most activated amines such as 1,2,3,4-tetrahydroisoquinoline (THIQ). The domino reaction is one of the major strategies for the construction of novel heterocycles from easily available starting materials. 4 However, the utilities of redox-neutral domino reactions in stereo selective syntheses of bioactive molecules have not been extensively explored so far. Tetrahydrooxazolidines and pyrrolo[2,1-c] [1, 4] oxazine are the key intermediates in synthetic as well as in pharmaceutical chemistry and are important building blocks in the syntheses of various biologically active nitrogen containing heterocycles. 5,6 As a consequence, substantial attention has been paid to develop efficient methods for their syntheses. 7, 8 Very recently, Hajra and co-workers 9 accomplished the diastereoselective synthesis of fused oxazolidines by aromatic aldehydes and pyrrolidine, using potassium acetate under microwave conditions but substrate scope was limited.
In continuation of our interest in in situ generated azomethine ylide followed by the intermolecular [3 + 2]-cycloaddition reaction 10 and synthesis of heterocyclic compounds 11 we explored a method to access intermolecular [3 + 2]cycloadditions of azomethine ylides from simple THIQs and trypolines under mild conditions. To facilitate reaction development, we began our investigation with THIQ (1.0 equiv.) and 2-bromobenzaldehyde (2.0 equiv.) under reux for 18 h in toluene. The expected product was formed in 36% yield (Table 1, entry 1) as a single diastereomer in which two phenyl groups are in trans arrangement and the structure of this diastereomer was conrmed by single X-ray crystal studies. As it has been shown that benzoic acid and molecular sieves facilitate amine a-functionalization via intermediate azomethine ylides, 12 we tested benzoic acid as an additive at 20 mol% loading which led to marked rate acceleration with the reaction being completed aer 4 h (Table 1, entry 2) giving an increased yield of 45% (Table 1 , entry 2). The mild acids like acetic acid and 2-ethyl hexanoic acid were quite less effective (Table 1, entries 17-18) and strong acids such as CF 3 COOH and p-toluene sulfonoic acid were ineffective. The solvents screened included CH 3 CN, THF, EtOAc, xylene, DMF and toluene among which CH 3 CN was found to be the prefered solvent (Table 1, entries 9-13) . A lower amount of the desired product was obtained at room temperature when it was stirred for 48 h (Table 1, entry 8). Remarkably, the reaction proceeded efficiently at 50 C. In fact, the highest yield of 3j (78%) was realized at this instance ( Having identied a useful set of reaction conditions, remarkable tolerance toward electronic demands of substituent's in the aldehyde precursors was shown (Scheme 2). The presence of electron-donating groups like -Me, tert-butyl and even N(Me) 2 delivered oxazolidine analogues in moderate yields (3b-d). Aldehydes bearing halogens such as -F, -Cl, -Br, CF 3 and a strong electron-withdrawing group like -NO 2 were underwent the title reaction to form desired products in good yields (3f-j). Even disubstituted aldehyde successfully formed the product without diminishing the yield 3k. Piperonal and Hetero cyclic aldehyde like 2-thiophene carboxaldehyde also underwent the reaction to give the desired product 3e and 3l respectively in good yields. Moreover in each case, the formation of a single diastereomer was observed and the absolute stereochemistry was unambiguously determined by single X-ray crystallography for the compounds (3j, 3k and 3o) . The scope of the reaction was successfully extended to other substrates such as trypoline and sterically demanding 1-alkyl THIQ, 1-aryl THIQ and 1-aryl-trypoline which also underwent the title reaction under equally mild conditions (3m-r).
The other high reactive amines like isoindoline failed to give the desired product but under similar reaction condition it ends up with an unusual product 5b (Scheme 3) which was nally conrmed by single X-ray crystal studies.
With the interest of further enhancement of scope of the process the reaction was performed with challenging precursor like pyrrolidine. Examples of azomethine ylide formation from simple, unfunctionalized cyclic amines like pyrrolidine remain rare as they require relatively high reaction temperatures. 10, 12 The reaction up to difuctionalization and aromatization was reported under harsh and microwave condition (Scheme 1). 13 In this context, we were particularly delighted to discover a rare poly C-H bond functionalization via domino process which furnished the highly substituted 1H-pyrrolo[2,1-c][1,4]oxazines. We were surprised with the formation of 1H-pyrrolo[2,1-c][1,4] oxazine derivative as a major product with the yield of 40% with only 2 equivalence of aldehyde. Then with intent of increasing the yield of the product, the reaction was successfully carried out with 4 equivalence of aldehyde to yield upto 65% while the 5 equivalence of aldehyde had no further positive impact on the yield of the product. The structure of the compound 7a was conrmed by single X-ray crystal (Fig 1) .
There are very few methods available for the synthesis of substituted pyrrolo benzoxazines and oxazines which suffer from demerits like high cost, multistep and tedious process. 8 To the best of our knowledge, this methodology represents the rst one pot protocol for the synthesis of highly substituted fused 1H-pyrrolo[2,1-c][1,4]oxazine derivatives from readily available cost effective precursors (Scheme 4).
A probable mechanistic explanation for the formation of fused oxazolo[2,3-a]isoquinoline reaction is outlined in Scheme 5. The rst step is the formation of the iminium ion C by the reaction between THIQ and aldehyde. Then iminium ion C transformed into azomethine ylide D via iminium a-deprotonation by the carboxylate anion. 5a The intermolecular [3 + 2]cycloaddition reaction between another equivalent of the aldehyde and the generated azomethine ylide D afforded the corresponding product 3a in good yield.
Conclusion
In summary, we present a simple and versatile method for the diastereoselective synthesis of fused oxazolidine derivatives and 1H-pyrrolo[2,1-c] [1, 4] : d ¼ 140.5, 139.6, 135.6, 133.3, 128.8, 128.5, 128.3, 127.7, 127.46, 127.43, 126.9, 126.65, 126.60, 90.4, 87.1, 76.3, 46.7, 28.4 Scheme 5 Probable mechanism for the formation of oxazolo [2,3-c] isoquinoline.
